The PD...(D/E)XK motif in restriction enzymes: a link between function and conformation.
The active sites of Mg(II)-dependent nucleases feature a cluster of conserved charged residues which includes both acidic (Asp and Glu) and basic (Lys) side chains. In restriction enzymes, these side chains are part of the conserved PD...(D/E)XK functional sequence motif which has been implicated as being important in metal ion binding and catalytic steps. Recent work revealing the unusual behavior of the active site variant D58A of the representative PvuII endonuclease prompted speculation that the array of charged groups in the nuclease active site may also be linked to conformational behavior [Dupureur, C. M., and Conlan, L. H. (2000) Biochemistry 39, 10921-10927]. To address this issue, we analyzed the conformational behavior of active site variants of PvuII endonuclease using both NMR spectroscopic and thermodynamic methods. NMR spectroscopic analysis via (19)F and (1)H-(15)N HSQC experiments indicates that a number of side chain and backbone amide groups are perturbed upon Ala substitution at conserved active site residues Asp58, Glu68, and Lys70. Spectral changes are particularly pronounced for the lowest-activity mutants (D58A and K70A). These changes are accompanied by perturbations in conformational stability. Ala substitution at each of these positions results in 2-5 kcal/mol of stabilization over the wild-type enzyme at pH 7.7, changes which constitute increases in DeltaG(d)(H2O) of 20-50%. The pH dependencies of mutant enzyme stabilities are distinct from those of the wild type, results which confirm that these ionizable groups strongly influence stability. Wild-type enzyme stability is correlated with the ionization of groups shown to be important to metal ion binding and orientation. Correlations between spectral changes and conformational stability indicate that the latter measurements may prove useful in the evaluation of site-directed mutant restriction enzymes. More importantly, these results indicate that structure-function relationships in restriction enzyme active sites can be complex, and that the ensemble of conserved charged residues which mediate DNA hydrolysis in Mg(II)-dependent nucleases constitutes a critical link between function and conformation.